ABSTRACT: Diatomaceous earth has been used for DNA purification as it can produce high quality plasmid DNA. We describe an alternative and economical method for plasmid DNA purification from a 50-ml bacterial culture using diatomaceous earth, plastic pipette tips, conical tubes, centrifuges, and without requiring a vacuum system. Depending on the plasmid size and the origin of replication, this method yielded 200-800 µg plasmids with an A260/A280 of 1.8-2.0. These purified plasmids are suitable for many applications such as DNA sequencing and transfection experiments.
INTRODUCTION
Diatomaceous earth (DE) is among the best reagents for plasmid DNA purification because it can produce a high quality plasmid DNA. Several methods using DE for DNA purification have been described. In principle, DNA binds to silica dioxide, which is the major component of diatomaceous earth, in the presence of chaotropic salts such as guanidine hydrochloride, NaI, and guanidine isothiocyanate 1 . The chaotropic agent denatures proteins and is subsequently washed away. Resin-bound DNA is collected in a plastic column using a vacuum manifold. After subsequent washes, bound DNA could be recovered using hot water (e.g., 70-80°C).
In order to obtain a high quality and sufficient amount of plasmid DNA for transfection assay, at least a midiprep scale of purification (i.e., 50-ml bacterial culture) is required. However, purification procedures of plasmid DNA in a medium and large scales require a vacuum system and/or commercial spun columns, which might not be available in some laboratories. In addition, commercially available kits for plasmid DNA purification are relatively expensive. A lowcost method that confers a high quality plasmid DNA is preferred in many laboratories. In this work, we developed an economical method for plasmid DNA purification using DE, without the need for a vacuum system and commercial spun columns. Tubes (15-ml conical tubes), tips (5-ml plastic pipette tips), a high-speed centrifuge and a swing-out centrifuge are the major pieces of equipment used in this protocol. With our method, we were able to obtain 200-800 µg plasmids from a 50-ml bacterial culture. The purified plasmids are in a high quality, with the A 260 /A 280 ratios between 1.8 and 2.0 and they can be used directly for many applications, including DNA sequencing and transfection into tissue culture cells.
MATERIALS AND METHODS

Cell culture
A single colony of Escherichia coli DH5α strain harbouring a desired plasmid DNA was inoculated in a 500-ml Erlenmeyer flask containing 50 ml 2 × TY medium supplemented with 100 mg/ml ampicillin. The flask was placed in an orbital shaker and incubated at 37°C, 220 rpm for 16-18 h. After centrifugation, cell pellet was kept at −20°C until the plasmid purification was performed.
Alkaline lysis
The alkaline lysis method was modified from a previous protocol by Dr Ravi Iyer 2 . Briefly, cell pellet was resuspended with 5 ml solution 1 (25 mM Tris-Cl pH 8.0, 50 mM glucose, 10 mM EDTA, and 40 µg/ml RnaseA), and transferred into a clean 50-ml conical tube. To lyse the cells, 10 ml solution 2 (0.2 M NaOH and 1% SDS) was added. The sample was gently mixed by inversion 2-3 times, and incubated at room temperature for 5 min. Following the incubation, 5 ml solution 3 (1.25 M potassium acetate and 1.25 M acetic acid) was subsequently added and the sample was inverted for a few times. Immediately after inversions, the tube was incubated on ice for 30 min. An addition of solution 3 caused a formation of white fluffy precipitates, which were subsequently removed by filtration through a Whatman paper. The clear supernatant was transferred to a 35-ml screwcapped tube, followed by an addition of 0.6 volume isopropanol. After vigorous shakings, the sample was placed on ice for 5-10 min and subsequently centrifuged at 12 000g for 10 min to precipitate the DNA. After removing the supernatant, a DNA pellet was showed that could be stored at −20°C or be taken to the next step.
Home-made column
A spun column for plasmid DNA isolation was made of a 5-ml plastic pipette tip (for a P-5000 pipette), a 15-ml tube (Corning), and cotton. First, the narrow end of a plastic pipette tip was stuffed tightly with some cotton, which retains the resin during centrifugation ( Fig. 1a and b) . Then, a spun column was created by inserting a stuffed tip in a 15-ml conical tube (Fig. 1d) .
Purification with diatomaceous earth (DE)
Purification procedures and the binding buffer were modified from the previous protocol 3 . First, the isopropanol-precipitated pellet was resuspended with 1000 µl Milli-Q water, followed by an addition of 5-10 ml binding buffer (7 M guanidine hydrochloride (GuHCl) in 50 mM Tris-Cl buffer pH 7.0, and 20 mM EDTA). Then, 1.0 g diatomaceous earth (Sigma D5509) was added, and the sample was rocked at a slow speed at room temperature for 45-60 min. During the incubation, the tube was inverted for a few times every 15-20 min to ensure a maximum binding of DNA to the resin. After incubation, the sample was mixed by inversion and equally split into 4 homemade spun columns. Using a swing-out centrifuge, the resins were sedimented at a speed of 2900g for 5 min and the flow-through was transferred to a clean tube for troubleshooting. The resin in each column was washed twice with 3 ml solution 4 (20 mM Tris-Cl pH 7.5, 200 mM NaCl, 5 mM EDTA, and 50% ethanol). Subsequently, the spun columns were centrifuged for another 10 min to dry out the resin. Prior to eluting the DNA, each tip with dried DE was transferred to a dry and clean conical tube, which would be used for collecting the DNA. The elution was performed twice by adding 250 µl 72°C Milli-Q water to the resin and immediately centrifuged at the same speed for 5 min. The first and second eluates could be combined and used directly for many analyses such as gel electrophoresis, restriction digestion, sequencing, and transfection assay. The A 260 and A 280 absorbances of the plasmids were determined using HP8453 UV-Vis Spectrophotometer.
Transfection experiment
The pCI-HAhIRF3 plasmid purified with this method was transfected into HEK293T cells (ATCC: CRL-11268) with Trans LT1 (Mirus), using the protocol described by the manufacturer's instruction. Cells were harvested 48 h post-transfection and stored at −80°C until needed.
Cell lysis
Frozen cell pellets were lysed on ice for 30 min with lysate buffer (50 mM Tris-Cl pH 7.4, 150 mM NaCl, 1 mM EDTA, 0.5% NP-40, 1× complete set protease inhibitors from Roche, 1 mM NaF, and 1 mM Na 3 VO 4 ). Cellular debris was removed by centrifugation. Soluble extracts were resolved by SDS-PAGE and transferred to a nitrocellulose membrane (Bio-RAD).
Western blot analysis
Western blotting was used to analyse the expression of HA-tagged hIRF3, using anti-HA tag (ABCAM). All steps were performed at room temperature unless indicated. Proteins on the membrane can be visualized www.scienceasia.org by staining with 0.2% Ponceau Red in 10% acetic acid and destained with distilled water. Subsequently, the membrane was blocked with blocking solution (5% non-fat milk in 1 × TBST, which contains 0.025 M Tris-Cl pH 8.0, 150 mM NaCl, and 0.05% Tween 20) for 1 h with constant rocking. The membrane was washed 3 × 5 min with 1 × TBST and incubated with 10 ml 1:4000 diluted anti-HA tag monoclonal antibody (ABCAM) for 2 h using the same incubation condition. The membrane was then washed with 1 × TBST for 3 times, 5 min interval before subjected to a 2-h incubation with an anti-rabbit HRP conjugated secondary antibodies (GE Healthcare) diluted 1:10 000 with 1 × TBST. Subsequently, the membrane was washed 3 × 5 min with 1 × TBST before adding SuperSignal West Pico Chemiluminescent Substrate (Pierce) and exposed to an X-ray films (Pierce) at various time. X-ray film was developed with an X-ray film-processing machine.
RESULTS AND DISCUSSION
In the present study, we proposed an alternative technique for plasmid DNA purification in a midi-scale and optimized the protocol for a maximum plasmid yield. Our home-made spun column is made of a cotton-stuffed plastic pipette tip and a 15-ml conical tube (Fig. 1) . With a type of 5-ml plastic tip we used, we found that it fitted well with a 15-ml conical tube from Corning. Any brand of 15-ml tube could probably be used, as long as the stuffed tip can be removed from the tube after centrifugation. In addition, the 3 ml dead volume in the column is required because it is used as a reservoir for liquid resulted from centrifugation (Fig. 1d) . We found that 1.0 g of DE would give the highest yield of plasmid (data not shown). With the amount of resin and buffer used, 4 home-made columns are required for one 50-ml bacterial culture.
Because plasmid purification with DE described in literature used hot water or Tris-EDTA buffer pH 8.0 to elute the DNA from the resin, we wondered whether these two solutions could efficiently elute the DNA. Thus we compared the efficiency of 4 elution solutions: hot Milli-Q water at 72°C, room temperature Milli-Q water, ice-cold Milli-Q water, and 10 mM Tris-Cl pH 8.0. We found that hot Milli-Q water was the best elution solution, although the yield does not appear to be different from that using water at room temperature (Fig. 2) . Interestingly, 10 mM TrisCl pH 8.0 was found to be the worst elution solution for this protocol.
In addition to analysing different elution solutions, we determined whether this protocol would produce the same yield for plasmids of different sizes. To our knowledge, the relationship between the size of and the yield of the DNA purified with DE has not been studied. Thus we utilized 4 plasmids: pCI vector (4008 bp), pCI-HAhIRF3 (5308 bp), pcDNA3 vector (5446 bp), and pUC18 (2686 bp). Both pCI (Promega) and pcDNA3 (Invitrogen) vectors contain the same f1 origin of replication 4 , whereas pUC18 contains a mutated ColE1 origin of replication 5 . An origin of replication controls the copies number of the plasmid DNA in bacterial cell. The results showed that both pCI-HAhIRF3 and pcDNA3 plasmids conferred the highest yield, whereas the pUC18 had the lowest yield, suggesting that the yield is proportional to the size of the DNA (Fig. 3) . Interestingly, the ratio between the yield (µg) and the number of basepairs (kbp) of pCI and pcDNA3 plasmids was comparable, while the ratio of pUC18 plasmid was significantly lower (Fig. 3) . Thus these results suggest that DE does not preferentially bind to large size plasmids. Although large size plasmids may have a higher yield, they have the same number of moles with other plasmids that have the same origin of replication. It would be interesting to see if pUC18 with an insert would produce a consistent ratio compared with the vector itself.
Consistently, all plasmids purified were fraction- ated into two major species in an agarose gel electrophoresis. A fast migrating band consisting of a supercoiled or covalently closed circular plasmid 
